The association between long work hours and outcomes among attending surgeons remains an issue of debate. OBJECTIVE: To investigate whether operating emergently the night before an elective case was associated with inferior outcomes among attending neurosurgeons.
T
here is heightened public awareness and ongoing debate about the effects of sleep deprivation and fatigue on physician performance. [1] [2] [3] [4] [5] [6] Some studies have demonstrated that medical resident fatigue is associated with a higher rate of errors including percutaneous needle sticks and laceration ABBREVIATIONS: 2SLS, 2-stage least squares; CI, confidence interval; ICD-9-CM, International Classification of Disease-9-Clinical Modification; LOS, length of stay; SD, standard deviation; SPARCS, Statewide Planning and Research Cooperative System Supplemental digital content is available for this article at www.neurosurgery-online.com.
injuries, as well as postcall motor vehicle crashes. 2, 7, 8 Others have not replicated these findings among surgical residents. 9, 10 However, legislative reform and comprehensive regulatory efforts have transformed graduate medical education and have imposed strict work hour restrictions on trainees. 11 Recent randomized trials demonstrated that loose adherence to these restrictions was not associated with increased complications, fueling further debate on this issue. 12 Unlike residents, there is no restriction on the work hours of attending physicians in the United States. 4, 13 Prior studies on the effect of sleep deprivation of attending surgeons on outcomes have had conflicting results. Single-center studies 14 have demonstrated an association with inferior NEUROSURGERY VOLUME 82 | NUMBER 3 | MARCH 2018 | 329 outcomes, whereas multicenter Canadian investigations 15, 16 have identified no difference. The generalization of the latter studies in the United States is limited given the differences in the practice of medicine between the 2 countries. Additionally, these prior investigations have focused on general surgeons, who frequently subspecialize to only provide emergency care. However, neurosurgeons are very commonly called upon to treat trauma or other neurological pathology emergently, while maintaining a busy elective surgical schedule. No prior study has attempted to answer this question in a comprehensive cohort of neurosurgeons.
We used the New York Statewide Planning and Research Cooperative System (SPARCS) 17 to study the association of performing emergency procedures the night before an elective case with mortality, discharge to a facility, and length of stay for patients being treated for unruptured cerebral aneurysms. We used an instrumental variable analysis to simulate the effect of randomization.
METHODS

New York SPARCS
The cohort included all patients with unruptured cerebral aneurysms who were registered in the SPARCS (New York State Department of Health, Albany, New York) 17 database between 2009 and 2013. More information on SPARCS can be found at https://www.health.ny.gov/statistics/sparcs/.
Cohort Definition
This study was approved by the institutional review board and consent was waived due to deidentified data. In order to establish the cohort of patients, we used International Classification of Disease-9-Clinical Modification (ICD-9-CM) codes to select patients in the database who underwent surgical clipping (ICD-9-CM code 39. 
Outcome Variables
Mortality during the hospitalization for unruptured cerebral aneurysm clipping or endovascular treatment was the primary outcome variable. Length of stay (LOS) during the initial hospitalization, and the rate of discharge to a facility (any facility other than the patient's home) were secondary outcomes.
Exposure Variables
Performing emergency procedures the night before (12 am to 6 am) elective cerebral aneurysm treatment was the primary exposure variable.
Covariates (Table, Supplemental Digital Content 1) used in the regressions were age, race (African-American, Hispanic, Asian, Caucasian, other), gender, insurance (private, Medicare, Medicaid, uninsured, other), and procedure performed (clipping, endovascular intervention). Additional comorbidities used in the regressions were smoking, diabetes mellitus, chronic lung disease, hypercholesterolemia, hypertension, peripheral vascular disease, coronary artery disease, congestive heart failure, history of stroke, obesity, transient ischemic attack, chronic renal failure, alcohol abuse, and coagulopathy. Only variables identified by the database as "present on admission" were included in the patient's comorbidity profile.
Statistical Analysis
The association of the exposure variable of interest with our outcomes was examined in multivariable analyses. Physicians performing elective procedures after night work are nonrandomly selected. They are expected to be younger, since they are still actively involved in call, and less subspecialized (although most neurosurgeons take call regardless of subspecialty focus), which can be associated with inferior outcomes. In order to account for this unmeasured confounding, we used an instrumental variable analysis. 18 The rate of performing emergency overnight procedures (at the provider level) was used as an instrument. Similar rates have been used before to create pseudorandomization on the exposure variable. 19 This approach allows us to compare the outcomes of elective cases performed by surgeons operating the night before vs those performed by surgeons not operating the prior night, while controlling for unmeasured confounding.
The methodology of instrumental variables has become increasingly popular over the past decade. This method provides a way to estimate a treatment effect without bias despite the presence of confounding (ie, unknown baseline functional clinical status of patients). Instrumental variables do indeed exist. We make them all the time when we run a randomized trial. Randomization is an example of an instrumental variable, because the flip of a coin or a computer-generated random number determines the treatment a subject is assigned and therefore the treatment a subject receives. However, when health services or clinical researchers think of instrumental variables, they are usually conceiving of some natural experiment. Favored choices for instrumental variables in the medical literature so far have been geographic distances, or geographic rates.
We consider a good instrument a variable that is only associated with the outcome only through the exposure of interest. 19 We used a 2-stage least squares (2SLS) approach. In the first stage of the 2SLS analysis, the F statistic was 30. This is compatible with a strong instrument (F statistic >10). 18 In sensitivity analysis, the main regressions were repeated separately in subgroups of patients undergoing only endovascular coiling, or only surgical clipping. There was no change in the direction of the observed associations, and therefore we do not report these results further. A probit regression was used for the categorical outcomes (mortality, discharge to a facility), 20 and a linear regression for the linear outcomes (LOS). In additional to sensitivity analysis, we repeated all analyses after logarithmic transformation of LOS to account for potentially positively skewed distribution of this variable. There was no change in the direction of the observed associations, and therefore we do not report these results further. The covariates used for risk adjustment in these models were age, race, gender, hospital ID, insurance, and all the previous comorbidities. We used the marginal effects of our independent variables to obtain interpretable coefficients.
Regression diagnostics were performed on all models. All results are based on 2-sided tests, and the level of statistical significance was set at 0.05. This study, based on 4700 patients, has sufficient power (80%) at a 5% type I error rate to detect differences in mortality, as small as 4.1%. We used Stata version 13 (StataCorp, College Station, Texas) to perform the analyses. 
RESULTS
Patient Characteristics
Overall, there were 4700 patients being treated for unruptured cerebral aneurysms (mean age was 55.0 years, with 76.7% females) who were registered in SPARCS. A total of 2541 (54.1%) underwent elective aneurysm treatment by neurosurgeons who operated the night before; whereas 2159 (45.9%) underwent treatment by neurosurgeons who did not operate the night before. The baseline characteristic of the 2 cohorts can be seen in Table 1 .
Outcomes
Patients operated on by surgeons after night work demonstrated 1.3% mortality (33 patients), 17.8% discharge to rehabilitation (436 patients), and on average a 5.5-day LOS (standard deviation [SD] 15.0). Patients operated by surgeons who did not operate the night before demonstrated 1.5% mortality (32), 18.1% discharge to rehabilitation (391), and on average a 3.9-day LOS (SD 7.0).
Instrumental Variable Analysis
Using a probit regression with instrumental variable analysis, we did not identify an association of undergoing treatment by surgeons performing emergency procedures the night before with mortality (adjusted difference, -0.7%; 95% confidence interval [CI], -1.4% to 0.02%) after elective cerebral aneurysm treatment (Table 2) .
Likewise, there was no association of undergoing treatment by surgeons performing overnight emergency procedures with discharge to a facility (adjusted difference, -0.1%; 95% CI, -1.2% to 1.2%) after elective cerebral aneurysm treatment (Table 2) .
Lastly, there was no association of undergoing treatment by surgeons performing overnight emergency procedures with longer LOS (adjusted difference, -0.58; 95% CI, -1.66 to 0.50) during hospitalization after elective cerebral aneurysm treatment (Table 2) .
DISCUSSION
Using a comprehensive all-payer cohort of patients in New York State, there was no association of undergoing treatment by a surgeon operating on emergencies the night before with mortality, discharge to a facility, or LOS for elective cerebral aneurysm treatment. Contrary to our findings, it is generally accepted by the public that sleep deprivation and fatigue adversely affect physician performance. 4, 13 This is contributing to an ongoing debate about whether attending surgeon work hours need to be regulated more tightly, similar to what applies for trainees. 4, 13 Prior observational studies attempting to answer this question have shown mixed results. Rothschild et al 14 in a single-center study demonstrated that among patients undergoing procedures in a tertiary care center, those operated by obstetricians or general surgeons working the night before did not experience inferior outcomes. However, less than 6 h of sleep was associated with a higher rate of complications. The generalizability of these findings is limited given the single-center nature of the study and its focus on obstetric procedures. In addition, this investigation was limited to a teaching facility, where procedures are performed by larger teams that can compensate for individual fatigue, a setting not replicated in the community. Studies demonstrating no difference in surgical outcomes for sleep-deprived cardiac surgeons suffer from similar biases.
21,22
In 2 multicenter studies in Ontario, Canada, general surgical procedures performed by surgeons operating the night before were not associated with inferior outcomes. 15, 16 However, the realities of their practice might have been different from the United States. In addition, the authors did not adjust for unmeasured confounders in either study. Surgeons with higher burden of emergency cases are not identical to those having mainly an elective practice. They can differ in skill, motivation, patient selection and comorbidity profile, as well as case complexity. Other potential confounders are the duration and complexity of the overnight case(s), call schedules that do not overlap with elective case work, possibility of nonoperative overnight work, the identity of the physician actually, performing the case, and potential alterations in next day case schedule. Not accounting for this questions the reliability of their findings. Our study, purposefully addresses this potential bias, by utilizing an instrumental variable analysis, to account for unmeasured confounding. Lastly, prior studies were based on fairly common operations, which likely do not require significant concentration by experienced surgeons. On the contrary, we utilized cerebral aneurysm treatment as a paradigm, one of the most technically and mentally challenging procedures in neurosurgery.
The implementation of policies limiting attending surgeon work hours is controversial. The 2008 Institute of Medicine report on resident duty hours did not address limitations for attending physician work hours. 11 Some argue that attending physicians have more experience, which may compensate for worsening performance. Critics of tighter regulation suggest it could result in fragmented error-prone care. 23 Preventing surgeons from operating during the day after they operated the night before would require significant restructuring of healthcare delivery with major cost, staffing, and resource implications, without tangible benefit as demonstrated in this study. 24 Given the shortage of neurosurgeons nationwide, restricting their work hours in some rural underserved areas would create significant barriers to care. The results of the present study do not support the argument for further regulation.
Limitations
Our study has several limitations. Residual confounding could bias our results. This is minimized by using a good instrument, as suggested by our F statistic. In addition, coding inaccuracies can impact our estimates. However, multiple studies have shown that cerebrovascular disease coding has excellent correlation with medical records. 25, 26 SPARCS includes all New York hospitals, but these results are not necessarily generalizable to the entire United States. SPARCS does not include any information on the size, location, or structure of the aneurysms. However, we are attempting to control for this, using an instrumental variable analysis.
Additionally, we did not have postdischarge and long-term results on our patients. Quality measures are also not available through this source, and therefore we cannot assess these outcomes. This will be feasible through national registries such as the first cerebrovascular module created by the NeuroPoint Alliance. 27 Although disposition does not always represent the patient's functional outcome, discharge location has been shown 28 to correlate with modified Rankin Scale score. Finally, we cannot definitely establish causality, despite the use of advanced techniques.
CONCLUSION
The association between long work hours and outcomes among attending surgeons remains an issue of debate. We investigated whether operating emergently the night before an elective case was associated with inferior outcomes among attending neurosurgeons. Using a comprehensive all-payer cohort of patients in New York State, we did not identify an association of undergoing treatment by a surgeon operating on emergencies the night before with mortality, discharge to a facility, or LOS for elective cerebral aneurysm treatment. Our study had 80% power to detect differences in mortality (our primary outcome), as small as 4.1%. The results of the present study do not support the argument for regulation of attending work hours.
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This work was supported by grants from the National Center for Advancing Translational Sciences (NCATS) of the NIH (Dartmouth Clinical and Translational Science Institute-UL1TR001086). The funders had no role in the design or execution of the study. The authors have no personal, financial, or institutional interest in any of the drugs, materials, or devices described in this article. emergency room, the operating room, the recovery room, the intensive care unit, and on the hospital wards. We are specialists in the care of patients with neurological disease, not technicians who have mastered a motor skill. We have always taken care of our patients whenever they need us, for as long as they need us. This is a founding principle of our specialty that we must not abandon. 5 Work hour restrictions for residents or staff physicians is not the right answer to insure patient safety. Fatigue is a fact of life in a surgical career. It cannot be eliminated but it can be recognized and managed 6 in a way that best serves our patients and our specialty. Papers like this one are the data we need to make our point.
Robert E. Harbaugh
Hershey, Pennsylvania T he authors have analyzed data from the SPARCS (NY) database from 2009-2013. In this, they reviewed the effect of operating the night prior to treating an elective aneurysm. They have used an instrumental variable analysis, which attempted to eliminate the uncontrolled confounding present in many medical treatment studies. The primary outcome of inpatient mortality was not different between the groups, along with the secondary outcomes of length of stay and discharge to a facility other than the patient's home.
The authors confirm what many neurosurgeons have suggested for years. Namely our ability to monitor our personal functional status for safe and effective care of patients is intact. While there remain numerous variables to this question (surgeon's experience, technical difficulty of the coiling/clipping, time and length of the previous night's surgery, resident assistance at one or the other procedures, etc), in general, one can conclude that neurosurgeons can effectively police their capabilities. The manuscript does not analyze quality outcomes but hopefully these conclusions will be addressed with ongoing collaborative databases.
Nathan E. Simmons
Lebanon, New Hampshire B rutal on-call schedules represent an archaic tradition among medical trainees, one that has been rectified in recent years. In the case of surgical residents, some would say too much so. Although studies linking residents' work hours to performance have been inconclusive, there are calls to limit attending physician on-call hours.
The authors address this issue by looking at indices of success in surgery for unruptured cerebral aneurysms, comparing a cohort of neurosurgeons who performed emergency surgery the night before the procedure with those who did not. They demonstrated no differences between the 2 groups with regards to perioperative mortality, length of hospital stay, or discharge to a facility, thus refuting the argument to regulate attending work hours.
The erudite statistical analysis is adjusted for a number of covariate risks and for a number of possible confounders. Instrumental variable analysis was used to adjust for the fact that membership in each cohort is not random. This choice seems eminently reasonable, although I lack the statistical sophistication to critique its application. The same might be said for the sensitivity analyses and other complex regression techniques.
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